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(54) DIGITAL COMMUNICATION DEVICE 

(57) An ADSL remote terminal end transceiver unit 
synchronizes transmission of upstream and down- 
stream data between TCM-ISDN communication and 
ADSL communication, and in addition, provides NEXT 
tables (155, 157) and FEXT tables (154, 156), in which 
are stored equalizing coefficients appropriate for a 
NEXT noise and a FEXT noise generated when data 
travel upstream and downstream in TCM-ISDN commu- 
nication, to equalizers TEQ (142) and FEQ (145) of the 
ADSL remote terminal end transceiver unit. As a conse- 
quence, even when the FEXT noise and the NEXT 
noise are generated one after another in TCM-ISDN 
communication, the TEQ (142) and the FEQ (145) can 
switch between the NEXT table and the FEXT table, 
achieving TEQ and FEQ characteristics which are most 
appropriate for the respective noises. 
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Description 
TECHNICAL FIELD 

[OOfot] The present invention relates to a digital com- 
munication device. More particularly, this invention 
relates to a digital communication device such as an 
xDSL communication modem or an xDSL communica- 
tion device, which, when receiving data, optimally cor- 
rects transmission path characteristics comprising 
noise transmitted from multiple half-duplex communica- 
tion devices, transmitting via a half-duplex transmission 
path. , 

BACKGROUND ART 

[0002] Recently, an ADSL (Asymmetric Digital Sub- 
scriber Line) communication system, an HDSL (High- 
rate Digital Subscriber Line) communication system, an 
xDSL communication device system such as an SDSL, 
which perform high-speed digital transmission of sev- 
eral megabits/second using an existing copper cable for 
telephone, are attracting attention as cable digital com- 
munication systems. The xDSL communication system 
used in these is known as a DMT (Discrete MultiTone) 
variable demodulation system. This system is standard- 
ized in T1.413 of ANSI and elsewhere. 
[0003] In this digital communications system, when an 
xDSL transmission path and an ISDN transmission path 
of an ISDN communications system, which is a half- 
duplex communications system, are adjacent to each 
another when for instance they are converged together 
or the like in a midway collection guide, an xDSL trans- 
mission along the xDSL transmission path is affected by 
interference noise from other circuits such as the ISDN 
transmission path, leading to problems such as a loss of 
speed. Various countermeasures have been adopted. 
[0004] Fig. 1 0 shows interference noise from an ISDN 
transmission path 2 from a central office (CO) 1 affect- 
ing an ADSL transmission path 3 which is an xDSL 
transmission path, when the ISDN transmission path 2 
and the ADSL transmission path 3 are converged 
together or the like midway at a collection guide. 
[0005] Here, when seen from the ADSL remote termi- 
nal end transceiver unit (ATU-R) 4, which is a communi- 
cation device at the terminal side of the ADSL 
communication system side, the interference noise 
transmitted through the ADSL transmission path 3 by 
the office side device (ISDN LT) 7 on the ISDN transmis- 
sion system side is called FEXT (Far-End Cross Talk), 
and the interference noise transmitted through the 
ADSL transmission path 3 by the terminal device (ISDN 
NT1) 6 on the ISDN transmission system side is called 
NEXT (Near-end cross talk). In particular, a midway col- 
lection guide or the like causes coupling between the 
ADSL transmission path 3 and the ISDN transmission 
path 2, which becomes adjacent to the ADSL transmis- 
sion path 3, whereby the noise is transmitted through 



the ADSL transmission path 3 to the ADSL terminal side 
device (ATU-R) 4. 

[0006] When seen from the ADSL central office end 
transceiver unit (ATU-C) 5, which is an office side device 

5 on the ADSL communication system side, contrary to 
the case seen from the ADSL remote terminal end 
transceiver unit (ATU-R) 4, the interference noise trans- 
mitted by the central office end device (ISDN LT) 7 on 
the ISDN transmission system side is a NEXT noise, 

10 and the interference noise transmitted by the terminal 
device (ISDN NT1) 6 on the ISDN transmission system 
side is a FEXT noise. 

[0007] Here, in overseas ISDN communication sys- 
tems, all upstream and downstream transmissions are 

is duplex transmissions and carried out simultaneously. 
Therefore, when seen from the ADSL remote terminal 
end transceiver unit (ATU-R) 4, the NEXT noise gener- 
ated from the terminal device (ISDN NT1 ) 6 on the ISDN 
transmission system side which is nearer to the ADSL 

20 remote terminal end transceiver unit (ATU-R) 4, is dom- 
inant, is dominant, that is, its effects are considerable. 
[0008] Consequently, during the training time of an 
ADSL modem (not shown in the diagram) provided to 
the ADSL remote terminal end transceiver unit (ATU-R) 

25 4, training is carried out while both the FEXT noise and 
the NEXT noise are being generated at the same time, 
and the characteristics of the NEXT noise components 
with a large influence is measured. A bit map is then 
made to determine the gain and number of transmission 

30 bits in each channel suitable for characteristics of the 
noise. In addition, to improve the transmission charac- 
teristics, coefficients for a Time domain Equalizer 
(TEQ), to perform time domain equalization processing, 
and a Frequency domain Equalizer (FEQ), to perform 

35 frequency domain equalization processing, are for 
instance converged and determined, and one coeffi- 
cient table is provided for the TEQ and the FEQ respec- 
tively. 

[0009] As a result such problems are not caused for 

40 overseas digital communications devices as mentioned 
above. However, TCM-ISDN systems performing half- 
duplex communication known as Ping-Pong systems, 
wherein upstream and downstream data transmissions 
are switched by time division, are used as existing ISDN 

45 communication systems in countries such as Japan. 
Consequently, when the half-duplex transmission path 
is adjacent to another transmission path in a collection 
guide or the like, the NEXT noise and the FEXT noise 
from the half-duplex transmission path affect the com- 

so munication terminal connected to the other transmis- 
sion path adjacent to the half-duplex transmission path. 
[0010] For this reason, when a half-duplex communi- 
cation system such as a Japanese TCM-ISDN system 
is used, an ADSL terminal side device (ATU-R) capable 

55 of handling entirely half-duplex ISDN communication 
systems of overseas countries and the like installs only 
one coefficient table trained under the situation where 
both the FEXT noise and the NEXT noise are being 
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generated at the same time, and upstream and down- 
stream communications on the ISDN transmission path 
are time-divided by a TCM system. Therefore, even 
when the noise components affecting the terminal con- 
nected to the transmission path adjacent to the ISDN 5 
transmission path are switched to the NEXT noise and 
the FEXT noise, since these are gathered together in a 
single coefficient table it tries to settle to one coefficient 
table. Whenever the amount of the noise and the 
change in the character took place, the amount of error w 
at the terminal worsens, the speed at which the amount 
of error can be improved is slowed, and other problems 
arise. 

[001 1] In the light of the problems described above, it 
is an object of the present invention to provide a digital 15 
communication system which can improve the influence 
by the noise, even when interference noise is received 
from a half-duplex transmission path for TCM-ISDN 
communication and the like via a digital transmission 
path adjacent thereto, and extend communication 20 
processing in each transmission rate, and, in addition, 
improve the transmission rate in the service area. 

DISCLOSURE OF THE INVENTION 

25 

[0012] To achieve the above objects, in the present 
invention, a digital communications device for optimally 
correcting transmission path characteristics containing 
noise transmitted from a plurality of half-duplex commu- 
nication devices via a half-duplex transmission path, 30 
comprising; a NEXT noise coefficient table, in which are 
stored equalizing coefficients of equalizers for optimally 
correcting characteristics of a transmission path con- 
taining a NEXT noise transmitted from a near-end half- 
duplex communication device that is on side near to a 35 
main device among the plurality of half-duplex commu- 
nication devices; a FEXT noise coefficient table, in 
which are stored equalizing coefficients of equalizers to 
optimally correct characteristics of a transmission path 
containing a FEXT noise transmitted from a far-end 40 
half-duplex communication device that is on side far 
from the main device among the plurality of half-duplex 
communication devices; and equalizers for correcting 
transmission path characteristics based on the equaliz- 
ing coefficients in the NEXT noise coefficient table when 45 
the FEXT noise has been transmitted from the near-end 
half-duplex communication device, and on the other 
hand, for correcting transmission path characteristics 
based on the equalizing coefficients in the FEXT noise 
coefficient table when the FEXT noise has been trans- so 
mitted from the far-end half-duplex communications 
device. 

[0013] In the next aspect of the invention, the device 
is characterized in that it is a terminal end device for 
transmitting after synchronizing communications 55 
between the half-duplex communications devices, and 
when the NEXT noise has been transmitted from the 
near-end half-duplex communication device on a termi- 



nal end while data is travelling upstream on the half- 
duplex transmission path from a terminal end to a cen- 
tral office end, the transmission path characteristics are 
corrected based on equalizing coefficients in the NEXT 
noise coefficient table applied to the equalizers, and, on 
the other hand, when the FEXT noise has been trans- 
mitted from the far-end half-duplex communication 
device on the central office end while data is travelling 
downstream on the half-duplex transmission path from 
the central office end to the terminal end, the transmis- 
sion path characteristics are corrected based on equal- 
izing coefficients in the FEXT noise coefficient table 
applied to the equalizers. 

[0014] In the next aspect of the invention, the device 
is characterized in that it is a central office end device 
for transmitting after synchronizing communications 
between the half-duplex communication devices, and 
when the NEXT noise has been transmitted from the 
near-end half-duplex communication device on the cen- 
tral office end while data is travelling downstream on the 
half-duplex transmission path from a central office end 
to a terminal end, the transmission path characteristics 
are corrected based on equalizing coefficients in the 
NEXT noise coefficient table applied to the equalizers, 
and, on the other hand, when the FEXT noise has been 
transmitted from the far-end half-duplex communication 
device on the terminal end white data is travelling 
upstream on the half-duplex transmission path from the 
terminal end to the central office end/the transmission 
path characteristics are corrected based on equalizing 
coefficients in the FEXT noise coefficient table applied 
to the equalizers. 

[0015] In the next aspect of the invention, the device 
is characterized in that it further comprises a detecting 
and determining section for detecting the noise trans- 
mitted from the half-duplex communication device, and 
determining whether it is the NEXT noise or the FEXT 
noise; wherein, based on a determination output from 
the detecting and determining section, in the case of the 
NEXT noise, the equalizers correct the transmission 
path characteristics based on equalizing coefficient 
from the NEXT noise coefficient table, and in the case of 
the FEXT noise, the equalizers correct the transmission 
path characteristics based on equalizing coefficient 
from the FEXT noise coefficient table. 
[0016] In the next aspect of the invention, the device 
is characterized in that, prior to communication, it deter- 
mines filter coefficients to converge the transmission 
functions of the noise, using predetermined data in 
frames transmitted between the plurality of half-duplex 
communications devices, the data having a pre-identi- 
fied pattern and generation timing, and at transmission, 
it creates a replica of the predetermined data affected 
by the noise using the converged filter coefficient during 
the generation timing of the predetermined data, and 
subtracts the replica from the received signal. 
[0017] In the next aspect of the invention, the device 
is characterized in that the half-duplex transmission 
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path is a TCM-ISDN transmission path, the plurality of 
half-duplex communication devices transmit TCM-ISDN 
communication via the TCM-ISDN transmission path, 
and the main device transmits ADSL communication via 
an ADSL transmission path. 

[0018] In the next aspect of the invention, the device 
is characterized in that, when receiving data, character- 
istics of a transmission path containing noise transmit- 
ted from a plurality of half-duplex communication 
devices transmitting via half-duplex transmission paths; 
comprising a FEXT noise coefficient table, in which are 
stored equalizing coefficients of equalizers to optimally 
correct.characteristics of a transmission path containing 
a FEXT noise transmitted from a far-end half-duplex 
communication device that is on side far from a main 
device among the plurality of half-duplex communica- 
tion devices; and equalizers for correcting transmission 
path characteristics based on equalizing coefficient in 
the FEXT noise coefficient table when a NEXT noise 
has been transmitted from a near-end half-duplex com- 
munications device, being one of the plurality of haff- 
duplex communications devices, which is near to the 
main device, and when the FEXT noise has been trans- 
mitted the far-end half-duplex communications device. 
[0019] In the next aspect of the invention, the device 
is characterized in that it is a terminal end device for 
transmitting after synchronizing communications 
between the half-duplex communications devices, and 
when the NEXT noise has been transmitted from the 
near-end half-dupiex communication device on a termi- 
nal end while data is travelling upstream on the half- 
duplex transmission path from a terminal end to a cen- 
tral office end, it corrects transmission path characteris- 
tics based on equalizing coefficients in the FEXT noise 
coefficient table applied to the equalizers, and, on the 
other hand, when the FEXT noise has been transmitted 
from the far-end half-duplex communication device on 
the central office end while data is travelling down- 
stream on the half-duplex transmission path from the 
central office end to the terminal end, the device cor- 
rects the transmission path characteristics based on 
equalizing coefficients in the FEXT noise coefficient 
table applied to the equalizers. 
[0020] In the next aspect of the invention, the device 
is characterized in that it is a central office end device 
for transmitting after synchronizing communications 
between the half-duplex communication devices, and 
when the NEXT noise has been transmitted from the 
near-end half-duplex communication device on the cen- 
tral office end while data is travelling downstream on the 
half-duplex transmission path from a central office end 
to a terminal end, the device corrects transmission path 
characteristics based on equalizing coefficients in the 
FEXT noise coefficient table applied to the equalizers, 
and, on the other hand, when the FEXT noise has been 
transmitted from a far-end half-duplex communication 
device on the terminal end while data is travelling 
upstream on the half-duplex transmission path from the 



terminal end to the central office end, the device cor- 
rects transmission path characteristics containing the 
FEXT noise based on equalizing coefficients in the 
FEXT noise coefficient table applied to the equalizers. 

5 [0021] In the next aspect of the invention, the device 
is characterized in that it further comprises a detecting 
and determining section for detecting the noise trans- 
mitted from the half-duplex communication device, and 
determining whether it is the NEXT noise or the FEXT 

w noise; wherein, based on a determination output from 
the detecting and determining section, the equalizers 
optimally correct the transmission path characteristics 
based on equalizing coefficient from the FEXT noise 
coefficient table in the case of the NEXT noise and also 

15 in the case of FEXT noise. 

[0022] In the next aspect of the invention, the device 
is for optimally correcting, when receiving data, charac- 
teristics of a transmission path containing noise trans- 
mitted from a plurality of half-duplex communication 

20 devices transmitting via half-duplex transmission paths 
a FEXT noise coefficient table, in which are stored 
equalizing coefficients of equalizers to optimally correct 
characteristics of a transmission path containing FEXT 
noise transmitted from a far-end half-duplex communi- 

25 cation device that is on side far from a main device 
among the plurality of half-duplex communication 
devices; equalizers for correcting transmission path 
characteristics containing the FEXT noise based on 
equalizing coefficient in the FEXT noise coefficient 

30 table; and the device receiving data only while the FEXT 
noise is being transmitted. 

[0023] In the next aspect of the invention, the device 
is characterized in that it is a terminal end device for 
transmitting after synchronizing communications 

35 between the half-duplex communications devices, and 
during a period when the NEXT noise is transmitted 
from the near-end half-duplex communications device 
on a terminal end while data is travelling upstream on 
the half-duplex transmission path from a terminal end to 

40 a central office end, the device does not receive data, 
and, on the other hand, during a period when the FEXT 
noise is transmitted from the far-end half-duplex com- 
munications device on the central office end while data 
is travelling downstream on the half-duplex transmission 

45 path from the central office end to the terminal end, the 
device receives a data transmission, and in addition, 
optimally corrects the transmission path characteristics 
containing the FEXT noise based on equalizing coeffi- 
cients in the FEXT noise coefficient table applied to the 

so equalizers. 

[0024] In the next aspect of the invention, the device 
is characterized in that it is a central office end device 
for transmitting after synchronizing communications 
between said half-duplex communication devices, and 

55 during a period when the NEXT noise is transmitted 
from said near-end half-duplex communication device 
on the central office end while data is travelling down- 
stream on said half-duplex transmission path from a 
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central office end to a terminal end, said device does 
not receive data, and on the other hand, during a period 
when the FEXT noise is transmitted from said far-end 
half-duplex communication device on the terminal end 
while data is travelling upstream on said half-duplex 
transmission path from the terminal end to the central 
office end, said device receives data, and in addition, 
corrects transmission path characteristics containing 
the FEXT noise based on equalizing coefficients in said 
FEXT noise coefficient table applied to said equalizers. 
[0025] In the next aspect of the invention, the device 
is characterized in that it further comprises a detecting 
and determining section for detecting the noise trans- 
mitted from the half-duplex communication device, and 
determining whether it is in a FEXT noise domain; 
wherein, based on a determination output from the 
detecting and determining section, in the case of the 
FEXT noise, the equalizers optimally correct the trans- 
mission path characteristics based on equalizing coeffi- 
cient from the FEXT noise coefficient table. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] 

Fig. 1 shows the outline and the like of a digital 
communication system for which a digital communi- 
cation device of the present invention is used; Fig. 
2 shows a constitution of a receiver system of an 
ADSL remote terminal end transceiver unit (ATU-R) 
14 according to a first embodiment of the digital 
communications device of the present invention; 
Figs. 3(a) to (d) show the change and the like of the 
amount of error when carrying out coefficient train- 
ing with a TEQ and an FEQ while switching 
between a NEXT noise and a FEXT noise accord- 
ing to the first embodiment; Fig. 4 shows a constitu- 
tion of a receiver system of an ADSL remote 
terminal end transceiver unit (ATU-R) 14 according 
to a second embodiment of the digital communica- 
tion device of the present invention; Fig. 5 shows an 
example of a detailed constitution of a TCM-ISDN 
interference noise cancel section 158 according to 
the second embodiment; Fig. 6 shows a constitu- 
tion of a receiver system of an ADSL remote termi- 
nal end transceiver unit (ATU-R) 14 according to a 
third embodiment of the digital communications 
device of the present invention; Fig. 7 shows the 
transmission bit rate with respect to cable length 
according to the third embodiment; Fig. 8 shows the 
fact that only a small difference occurs when coeffi- 
cients collected in the FEXT period are applied in 
the NEXT period; Fig. 9 shows the change and the 
like of amount of error when TEQ and FEQ carry 
out coefficient training only in the FEXT noise area 
according to a fourth embodiment; and Fig. 10 
shows the state of interference noise that an ISDN 
transmission path gives to an ADSL transmission 



path, when the ISDN transmission path and the 
ADSL transmission path converge in a collection 
guide or the like. 

5 BEST MODE FOR CARRYING OUT THE INVENTION 

[0027] A first embodiment of a digital communication 
device of the present invention will be explained below 
referring to the drawings. 

w [0028] In the following embodiment, a half-duplex 
communication device at the end applying interference 
noise is assumed to perform TCM-ISDN communication 
in which time-division half-duplex communication are 
transmitted along a half-duplex transmission path. As a 

is result, the digital communication device at the end 
applying interference noise is assumed to perform 
ADSL communications, which is a type of xDSL com- 
munications system. 

[0029] Fig. 1 shows a summary of a digital communi- 
20 cations system using a digital communications device of 
the present invention. 

[0030] In Fig. 1,11 is a central office (CO) for control- 
ling TCM-ISDN communication, ADSL communication, 
and the like, 12 is a TCM-ISDN transmission path for 

25 carrying out TCM-ISDN communication, 1 3 is an ADSL 
transmission path for carrying out ADSL communica- 
tion, 14 is an ADSL Remote Terminal Transceiver Unit 
(ATU-R) 14 such as a communication modem for 
exchanging ADSL communication via the ADSL trans- 

30 mission path 13 with another ADSL Remote Terminal 
Transceiver Unit (not shown in the diagram), 15 is an 
ADSL Transceiver Unit, Central Office end (ATU-C) for 
controlling ADSL communication in the central office 1 1 , 
16 is a TCM-ISDN terminal end device (TCM-ISDN 

35 NT1 ), such as a communication modem, for exchanging 
TCM-ISDN communication via the TCM-ISDN transmis- 
sion path 12 with another TCM-ISDN remote terminal 
end transceiver unit (not shown in the diagram), 17 is a 
central office end transceiver unit (TCM-ISDN LT) for 

40 controlling TCM-ISDN communication in the central 
office 11, and 18 is a synchronism controller for syn- 
chronizing communication between the TCM-ISDN cen- 
tral office end transceiver unit (TCM-ISDN LT) 17 and 
the ADSL central office end transceiver unit (ATU-C) 1 5. 

45 Unlike the case shown in Fig. 1, this synchronism con- 
troller 1 8 is may of course be provided in the TCM-ISDN 
central office end transceiver unit (TCM-ISDN LT) 17, or 
in the ADSL central office end transceiver unit (ATU-C) 
15. 

so [0031] As explained in the background art, when seen 
from the ADSL remote terminal end transceiver unit 
(ATU-R) 14, as shown in Fig. 1, the interference noise 
which the TCM-ISDN central office end transceiver unit 
(TCM-ISDN LT) 17 as a far-end half-duplex communica- 

55 tion device transmits through the TCM-ISDN transmis- 
sion path 12 and the ADSL transmission path 13 that 
are provided adjacent by a collection guide or the like, is 
called TEXT noise". On the other hand, the interfer- 
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ence noise which the TCM-ISDN remote terminal end 
transceiver unit (TCM-ISDN NT1 ) 1 6 as a near-end half- 
duplex communication device transmits through the 
TCM-ISDN transmission path 12 and the ADSL trans- 
mission path 13 that are provided adjacent by a collec- 
tion guide or the like, is called "NEXT noise". 
[0032] On the contrary, when seen from the ADSL 
central office end transceiver unit (ATU-C) 15, contrary 
to when seen from the ADSL remote terminal end trans- 
ceiver unit (ATU-R) 14, the interference noise which the 
ISDN central office end transceiver unit (ISDN LT) as a 
distant half-duplex communications device transmits is 
called as the NEXT noise. Similarly, the interference 
noise which the ISDN terminal end transceiver unit 
(ISDN NT1) as a near-end half-duplex communications 
device transmits is called as the FEXT noise. 
[0033] Fig. 2 functionally shows a constitution of a 
receiver section or a receive only machine (hereinafter 
abbreviated as reception system), such as a communi- 
cation modem and the like, of the ADSL remote terminal 
end transceiver unit (ATU-R) 14 according to the first 
embodiment of the digital communications device of the 
present invention. 

[0034] In this figure, 141 is an analog processing and 
ADC; 142 is a time domain equalizer (TEQ); 143 is an 
input serial/parallel buffer; 144 is a discrete Fourier 
transformer (DFT); 145 is a frequency domain equalizer 
(FEQ); 146 is a constellation encoder and gain scalling; 
147 is a tone ordering; 148 is a deinterleave; 149 and 
150 are descramble and forward error corrections 
(Descram and FEC); 151 and 152 are cyclic redun- 
dancy checks (crc); and 153 is a Mux/Sync Control. 
[0035] Furthermore, 1 54 is a FEXT table for TEQ for 
providing a coefficient for the FEXT noise to the time 
domain equalizer (TEQ) 142; 155 is a NEXT table for 
TEQ for providing a coefficient for the NEXT noise to the 
time domain equalizer (TEQ) 142; 156 is a FEXT table 
for FEQ for providing a coefficient for the FEXT noise to 
the frequency domain equalizer (FEQ) 145; and 157 is 
a NEXT table for FEQ for providing a coefficient for the 
NEXT noise to the frequency domain equalizer (FEQ) 
145. 

[0036] These tables 1 54 to 1 57 store separate equal- 
izing coefficients which the FEXT noise and the NEXT 
noise settle respectively separately and promptly, by 
equalizing the noise characteristics on the ADSL 
remote terminal end transceiver unit (ATU-R) 14 side 
synchronizing with upstream and out-coming data in the 
TCM-ISDN communication at the time domain equalizer 
(TEQ) 142 and the frequency domain equalizer (FEQ) 
145, during training time and the like prior to commenc- 
ing ADSL communication. 

[0037] Next, operation will be explained. First of all, 
the operation of the reception system of the ADSL 
remote terminal end transceiver unit (ATU-R) 14 
according to the first embodiment is briefly explained. 
The analogue processing and A/D converter 141 
applies an LPF to the received signal, and the signal 



passing through the A/D converter 141 is converted 
from an analog signal to a digital signal, and is then 
time-equalized by the time domain equalizer (TEQ) 142. 
[0038] Next, the data that the time domain equaliza- 

5 tion is converted from serial data to parallel data by the 
input serial/parallel buffer 143. Then, the data is dis- 
crete Fourier-converted by the discrete Fourier con- 
verter (DFT) 144, and is frequency domain equalized by 
the frequency domain equalizer (FEQ) 145. 

io [0039] Then, the constellation encoder and gain scall- 
ing 146 reproduces the constellation data. The Tone 
ordering 1 47 converts it to serial data, the Descram and 
FEC 1 49 carries out FEC or descramble processing, the 
deinterleave 148 is applied if necessary, the descramble 

is and forward error correction 150 carries out FEC and 
descramble processing; thereafter, cyclical redundancy 
checks 151 and 152 are performed, and the data is 
reproduced by the Mux/Sync Control 1 53. 
[0040] At this point, in the central office (CO) 11 , the 

20 synchronism controller 18 synchronizes the transmis- 
sion times of the TCM-ISDN central office end trans- 
ceiver unit (TCM-ISDN LT) 17 and the ADSL central 
office end transceiver unit (ATU-C) 15, and conse- 
quently the ADSL remote terminal end transceiver unit 

25 (ATU-R) 14 is able to identify the timing of the NEXT 
noise and the FEXT noise. 

[0041] That is, by the synchronization of the TCM- 
ISDN communication and the ADSL communication, 
the ADSL remote terminal end transceiver unit (ATU-R) 

30 14 determines, during a predetermined period of 
upstream data on the TCM-ISDN transmission path 12 
where the timing is known beforehand, that the NEXT 
noise is generated in the data and signals received via 
the ADSL transmission path 13; on the other hand, it 

35 can similarly determine, during a predetermined period 
of downstream data on the TCM-ISDN transmission 
path 12 where the timing is known beforehand, that the 
FEXT noise will be generated in the data and signals 
received via the ADSL transmission path 13. 

40 [0042] Therefore, in the reception system of the first 
embodiment, it is determined that, during the predeter- 
mined period of up stream data on the TCM-ISDN trans- 
mission path 12, the NEXT noise is generated in the 
time domain equalizer (TEQ) 142 and the frequency 

45 domain equalizer (FEQ) 145, and, by using the equaliz- 
ing coefficients of the NEXT table for TEQ 155 and the 
equalizing coefficients of the NEXT table for FEQ 157 
respectively, and the transmission path characteristics 
are corrected in the time domain and the frequency 

so domain. 

[0043] On the other hand, it is determined that, during 
the predetermined period of downstream data on the 
TCM-ISDN transmission path 12, the FEXT noise is 
generated in the time domain equalizer (TEQ) 142 and 
55 the frequency domain equalizer (FEQ) 145, and, by 
using the equalizing coefficients of the FEXT table for 
TEQ 154 and the equalizing coefficient of the FEXT 
table for FEQ 156 respectively, and the transmission 
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path characteristics including the FEXT noise in the 
time domain and the frequency domain are corrected 
best. 

[0044] Figs. 3(a) to (d) show transition and the tike of 
amount of error when coefficient training is carried out 
while switching between the NEXT noise and the FEXT 
noise using the time domain equalizer (TEQ) 142 and 
the frequency domain equalizer (FEQ) 145. 
[0045] Fig. 3(a) shows a flow of data on the TCM- 
ISDN transmission path 12, in a TCM-ISDN system 
having a cycle of 400 Hz and repeatedly switching 
between upstream and downstream. 
[0046] Fig. 3(b) shows noise received at the ADSL 
remote terminal end transceiver unit (ATU-R) 14 via the 
ADSL transmission path 13. In the figure, it is shown 
that, the NEXT noise and the FEXT noise are alter- 
nately generated in synchronism with the upstream and 
downstream transmission of data on the TCM-ISDN 
transmission path 1 2. 

[0047] Fig. 3(c) shows conventional transition of 
amount of error at the time domain equalizer (TEQ) 142 
and the frequency domain equalizer (FEQ) 145 when 
training in both the NEXT noise period and the FEXT 
noise period using a single coefficient table. 
[0048] In this case, since there is only one coefficient 
table, as shown in this figure, the NEXT noise and the 
FEXT noise are generated alternately as the data being 
transmitted on the TCM-ISDN transmission path 12 
switches between upstream and downstream. Each 
time the noise type changes, the amount of error mov- 
ing momentarily toward converging cannot be dealt with 
by one coefficient fitter, consequently it will take time by 
the time the amount of error converges. 
[0049] Fig. 3(d) shows the change of the amount of 
error in the time domain equalizer (TEQ) 142 and the 
frequency domain equalizer (FEQ) 1 45 when coefficient 
training is carried out by switching the coefficient filter 
from the NEXT tables 155 and 157, and the FEXT 
tables 1 54 and 1 56, in correspondence with each switch 
between the NEXT noise and the FEXT noise. In this 
case, since the TEQ 142 and the FEQ 145 together use 
the NEXT tables 155 and 157, and the FEXT tables 154 
and 156, while the amount of error of the TEQ 142 and 
the FEQ 145 are converged by the NEXT tables 155 
and 157 respectively for the NEXT noise; the amounts 
of error of the TEQ 1 42 and the FEQ 1 45 are converged 
by the FEXT tables 154 and 156 respectively for the 
FEXT noise. 

[0050] Consequently, even when the NEXT noise and 
the FEXT noise of different characteristics, amounts 
and components are generated alternately, as shown in 
Fig. 3(d), the equalizing coefficients of the NEXT tables 
155 and 157 and the FEXT tables 154 and 156, which 
are appropriate for each noise, can be used to sepa- 
rately equalize the FEXT noise and the NEXT noise as 
appropriate and separately converge the amount of 
error. Consequently, if the NEXT noise and the FEXT 
noise are separately seen, it can be understood that the 



amount of error faces convergence once, will converge 
gradually without improving, and, unlike the case shown 
in Fig. 3(c), it will possible to converge in a short time. 
[0051 ] Therefore, according to the digital communica- 

s tion device of the first embodiment, since the tables 1 54 
to 157 for NEXT noise and for FEXT noise are sepa- 
rately provided to the time domain equalizer (TEQ) 142 
and the frequency domain equalizer (FEQ) 145, and 
equalizing coefficient corresponding to the FEXT noise 

w and the NEXT noise is used during the training times of 
the TEQ 142 and the FEQ 145. Therefore, the optimum 
equalizing coefficient for the FEXT noise and the NEXT 
noise each can be determined in a shorter time than 
conventional systems. In addition, according to the first 

15 embodiment, the FEXT noise and the NEXT noise can 
be effectively eliminated from ADSL communication. 
[0052] As a result, according to the first embodiment, 
the S/N ratio can be improved; the error generation 
probability falls; or the communication distance in each 

20 transmission rate of ADSL transmission can be 
extended. In addition, according to the first embodi- 
ment, the transmission rate in the service domain can 
be improved. 

[0053] Furthermore, in the first embodiment, the syn- 

25 chronism controller 18 of the central office (CO) 1 1 syn- 
chronizes the transmission times of the TCM-ISDN 
central office end transceiver unit (TCM-ISDN LT) 17 
and the ADSL central office end transceiver unit (ATU- 
C) 15. Consequently, the ADSL remote terminal end 

30 transceiver unit (ATU-R) 14 is able to switch between 
the NEXT tables 1 55 and 1 57, and the FEXT tables 1 54 
and 156, even if the timing of the NEXT noise and the 
FEXT noise generation is not considered. 
[0054] As mentioned above, the first embodiment 

35 describes a case where the present invention is applied 
to the ADSL remote terminal end transceiver unit (ATU- 
R) 14. However, the present invention can of course be 
applied to the ADSL central office end transceiver unit 
(ATU-C) 15, by providing a NEXT table for the NET 

40 noise and a FEXT table for the FEXT noise respectively 
for the equalizers of the TEQ and the FEQ of the ADSL 
central office end transceiver unit (ATU-C) 15, and 
switching between these tables in correspondence with 
the noise. In this case, as it will seen from the ADSL 

45 central office end transceiver unit (ATU-C) 15, contrary 
to when seen from the ADSL remote terminal end trans- 
ceiver unit (ATU-R) 14, the interference noise sent from 
the central office end transceiver unit (ISDN LT) of the 
ISDN transmission system, being a near half-duplex 

so communication device, is the NEXT noise; and the inter- 
ference noise sent from the ISDN terminal end trans- 
ceiver unit (ISDN NT1), which becomes a distant half- 
duplex communications device, is the FEXT noise. 
[0055] Furthermore, as mentioned above, the first 

55 embodiment describes a case when the synchronism 
controller 18 of the central office (CO) 11 synchronizes 
the transmission times of the TCM-ISDN communica- 
tion and the ADSL communication. However, the 
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present invention is not limited to this, and may accept- 
ably be used without the synchronism controller 18, and 
without synchronizing the two communications. 
[0056] For instance, a not illustrated switch-timing 
notification section can be provided to the central office 
(CO) 1 1 , in order to notify the ADSL remote terminal 
end transceiver unit (ATU-R) 14 the timing of the FEXT 
noise and NEXT noise generation {i.e. the timing of the 
switch between upstream and downstream data of the 
TCM-ISDN communications via the TCM-ISDN trans- 
mission path 12 obtained from the TCM-ISDN central 
office end transceiver unit (TCM-ISDN LT) 17. Further, 
the AQSL remote terminal end transceiver unit (ATU-R) 
14 can identify the timing of upstream and downstream 
data in TCM-ISDN communications by a method such 
as "Proposed ANNEX C of G. dmt, ADSL under TCM- 
ISDN noise environment" NEC, ITU-T SG15 Q4 D. 
156(WP1/15) Geneva, 9-20 February 1998, for 
instance. Furthermore, a not illustrated noise detection 
determining circuit or the like can be provided to the 
ADSL remote terminal end transceiver unit (ATU-R) 14, 
in order to detect the NEXT noise and the FEXT noise 
and directly identify the timing of them. 
[0057] In this way, it is possible to deal with FEXT 
noise and NEXT noise, even if synchronization of the 
upstream and downstream data between the TCM- 
ISDN communications and ADSL communications at 
the central office (CO) 1 1 is not taken. In particular, 
when the ADSL remote terminal end transceiver unit 
(ATU-R) 14 identifies the timing of upstream and down- 
stream data in TCM-ISDN communications by a method 
such as "Proposed ANNEX C of G. dmt, ADSL under 
TCM-ISDN noise environment" NEC, ITU-T SG15 Q4 D. 
156(WP1/15) Geneva, 9-20 February 1998, for 
instance, and a not illustrated noise detection determin- 
ing circuit or the like is provided to the ADSL remote ter- 
minal end transceiver unit (ATU-R) 14, there is no 
necessity for newly installing a synchronism controller 
1 8 or a not illustrated switch timing notification section in 
the central office (CO) 11. Therefore, existing devices 
such as a conventional central office can be used with- 
out adding any improvements. Then, the NEXT noise or 
the FEXT noise can be recognized only by improving 
the ADSL remote terminal end transceiver unit to switch 
the NEXT table and the FEXT table. 
[0058] Next, a second embodiment of the digital com- 
munications device of the present invention is explained 
referring to the drawings as follows. 
[0059] Fig. 4 functionally shows a constitution of a 
reception section or a receive only machine (hereinaf- 
ter, reception system) of a communication modem or 
the like of an ADSL remote terminal end transceiver unit 
(ATU-R) 14, which is a second embodiment of the digital 
communication device of the present invention. 
[0060] In this figure, the same reference numerals are 
provided to the same constituent element as the recep- 
tion system of the first embodiment shown in Fig. 1 and 
their explanation is omitted. 1 58 is a TCM-ISDN interfer- 



ence noise canceller which measures the transmission 
characteristics by the NEXT noise and the FEXT noise 
of predetermined data such as a frame word pattern 
and a training pattern and the like which pattern and 

5 timing is provided beforehand in the transmission frame 
of a TCM-ISDN communication, generates replicas of 
these patterns by a method explained later, and sub- 
tracts these replicas from the received signal. There- 
fore, the feature in the reception system of the second 

w embodiment is to be added the TCM-ISDN interference 
noise canceller 158 to the reception system of the first 
embodiment. 

[0061] Fig. 5 shows an example of a detailed constitu- 
tion of the TCM-ISDN interference noise canceller 158 

is of the second embodiment. 

[0062] In the figure, 158a is a subtracter; 158b is an 
FIR (finite-length impulse response) filter; 158c is a mul- 
tiplexer; 158d is a filter coefficient calculator; 158e is a 
TCM-ISDN frame word pattern memory; and SW1 to 

20 SW3 are switches. 158f shows replicas of the TCM- 
ISDN frame word patterns for each of the NEXT noise 
and the FEXT noise. 

[0063] h(k,n) (k=1 ~M) in the FIR filter 1 58b is the fil- 
ter coefficient of the FIR filter 1 58b, and the one for the 
25 NEXT noise and the one for the FEXT noise are sepa- 
rately prepared. 

[0064] Furthermore, in the above figure, symbol e rep- 
resents an error signal matrix; d represents a matrix of 
known TCM-ISDN frame word patterns; \i represents a 
30 step coefficient; h represents the present filter coeffi- 
cient matrix; and h' represents the next filter coefficient 
matrix. 

[0065] Next, the operation will be explained. First of 
all, the ADSL remote terminal end transceiver unit 

35 (ATU-R) 1 4 and the ADSL central office end transceiver 
unit (ATU-C) 15 identify the timings of upstream and 
downstream data in a TCM-ISDN communication. As in 
the first embodiment, the timings of upstream and 
downstream data in a TCM-ISDN communication can 

40 be identified if the synchronism controller 18 is taking 
the synchronization between the upstream and down- 
stream data in the TCM-ISDN communication and the 
ADSL communication. When it is not taking the syn- 
chronization between both communication, the timing of 

45 the TCM-ISDN can be identified by a method such as, 
for instance, "Proposed ANNEX C of G. dmt, ADSL 
under TCM-ISDN noise environment" NEC, ITU-T 
SG15 Q4 D. 156(WP1/15) Geneva, 9-20 February 
1998. By such means, the ADSL remote terminal end 

so transceiver unit (ATU-R) 1 4 and the ADSL central office 
end transceiver unit (ATU-C) 15 can identify the timing 
of generation of frame words in upstream and down- 
stream data in the TCM-ISDN communication. 
[0066] Furthermore, since the pattern of this frame 

55 word is already known, to determine interference noise 
transmission functions of the FEXT noise and the NEXT 
noise resulting from this frame, during a period when no 
ADSL communication is being transmitted and only 
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interference noise generated during frame word trans- 
mission in a TCM-ISDN communication is being input, 
the TCM-ISDN interference noise canceller 158 of the 
second embodiment determines a interference noise 
transmission function u^ing the frame word pattern 
stored in advance in the following way. 
[0067] That is, the TCM-ISDN interference noise can- 
celler 158 first reads out for instance frame word pattern 
matrix d in the TCM-ISDN communication comprising a 
pattern (0, 1 , 0, 0, 0 ? 0, 0, 1 ) or the like, from the TCM- 
ISDN frame word pattern memory 158e. In compliance 
with the present filter coefficient matrix h, this is filtered 
by the filter 158b. At this point, all the switches SW1 to 
SW3 are OFF state. 

[0068] Next, keeping SW2 closed, the results output 
from the filter 158b are sent separately for the NEXT 
noise and the FEXT noise to the subtracter 158a. In the 
case of a frame word transmitted in a TCM-ISDN com- 
munication, the result output from the filter 158b is sub- 
tracted from interference noise sent as a discrete 
receive signal input U(n) via the ADSL transmission 
path 13 to the ADSL remote terminal end transceiver 
unit (ATU-R) 14, producing an output matrix e. 
[0069] Next, SW3 and SW1 are closed, and the multi- 
plexer 158c multiplexes the output matrix e with the 
matrix d of frame word patterns in TCM-ISDN communi- 
cations. The multiplexed output matrix e*d is sent to the 
filter coefficient calculator 158d, which determines a fil- 
ter coefficient matrix IV by the following equation. 

h' = h + n . e*d 

[0070] By this operation, each filter coefficient matrix 
h of the FIR filter 158b is updated to the next filter coef- 
ficient matrix h\ converging them to be close to the 
respective interference noise transmission functions of 
the NEXT noise and the FEXT noise. By repeating such 
processing prior to commencing ADSL communications 
and updating the filter coefficient matrixes h of the FIR 
filter 158b sequentially, the filter coefficient matrixes h 
are converged to the values showing interference noise 
transmission functions of the NEXT noise and the FEXT 
noise, prior to commencing ADSL communications. 
[0071] Then, when ADSL communication has com- 
menced, the switches SW3 and SW1 are opened only 
at the timing of the frame word pattern in the TCM-ISDN 
communication, and only SW2 are closed. Then, a 
TCM-ISDN frame word interference pattern replica 158f 
is created using the filter coefficient matrix h which was 
converged prior to commencing ADSL communications. 
This is then subtracted from the ADSL receive signal 
input as the discrete receive signal input U(n). 
[0072] With such processing, the influence of the 
interference noise of FEXT noise and NEXT noise gen- 
erated by the transmission of the frame word pattern 
can be removed, only it is while the frame word pattern 
is transmitted in the TCM-ISDN communication. 
[0073] Such processing is carried out for each of the 



FEXT noise and the NEXT noise, and two frame word 
interference pattern replicas are created. Then, are sub- 
tracted from the ADSL received signals in correspond- 
ence with their respective timing, and the influence of 
5 the interference noise during the transmission of a 
frame word during a TCM-ISDN communication is 
removed. 

[0074] Therefore, according to the second embodi- 
ment, the same effects equal with the first embodiment 

w are achieved excluding time that a frame word pattern is 
transmitted in a TCM-ISDN communication. On the 
other hand, during time that the transmission of the 
frame word pattern is transmitted in the TCM-ISDN 
communication, frame word interference noise in corre- 

15 spondence with the FEXT noise and the NEXT noise is 
cancelled, and the influence thereof is removed. 
[0075] As a result, because the frame word interfer- 
ence noise is being cancelled while the frame word pat- 
tern is transmitted in the TCM-ISDN communication, the 

20 S/N ratio can be improved; the probability of error gen- 
eration can be lowered; the communications distance 
can be lengthened at each ADSL transmission rate; and 
the transmission rate in the service domain can be 
increased, etc. as compared to the first embodiment. 

25 [0076] In the second embodiment, a case was 
described wherein the frame word interference noise is 
cancelled while a frame word pattern is being transmit- 
ted in a TCM-ISDN communication. However, the 
present invention is not limited to this. When a signal 

30 and data whose timing and pattern is known in advance, 
it is acceptable to use a training pattern or the like in a 
TCM-ISDN communication. 

[0077] Next, a third embodiment of the digital commu- 
nications device of the present invention will be 

35 explained referring to the drawings. 

[0078] Fig. 6 functionally shows a constitution of a 
reception system of the ADSL remote terminal end 
transceiver unit (ATU-R) 1 4, forming a third embodiment 
of the digital communication device of the present 

40 invention. 

[0079] As shown in this figure, the feature in the recep- 
tion system of the ADSL remote terminal end trans- 
ceiver unit (ATU-R) 14 of the third embodiment is to be 
omitted removing the NEXT table for TEQ 155 and the 

45 NEXT table for FEQ 157 from the constitution of the 
reception system of the ADSL remote terminal end 
transceiver unit (ATU-R) 14 according to the embodi- 
ment shown in Fig. 2, and to be supplied equalizing 
coefficients to the TEQ 142 and the FEQ 145 only by 

so the FEXT table for TEQ 1 54 and the FEXT table for FEQ 
156. 

[0080] Here, the FEXT tables 154 and 156 store 
equalizing coefficients which optimally correct the trans- 
mission characteristics that contain the FEXT noise, by 
55 carrying out training by equalizing the time domain 
equalizer (TEQ) 142 and the frequency domain equal- 
izer (FEQ) 145 only during a FEXT period in which the 
FEXT noise is being transmitted, synchronizing with 
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downstream data in a TCM-ISDN communication at the 
ADSL remote terminal end transceiver unit (ATU-R) 14 
side during the training period and the like prior to com- 
mencing ADSL communications. 
[OCfol ] Next, the operation of characteristic parts of the s 
third embodiment will be explained. 
[0082] In the reception system of the third embodi- 
ment, during the FEXT period when data are being 
transmitted downstream along the TCM-ISDN transmis- 
sion path 12, the time domain equalizer (TEQ) 142 and w 
the frequency domain equalizer (FEQ) 145 deem this to 
be generation of FEXT noise, and optimally correct the 
transmission path characteristics containing the FEXT 
noise in the time domain and the frequency domain, by 
using the equalizing coefficients in the FEXT table for 15 
TEQ 154 and the FEXT table for FEQ 156 respectively. 
[0083] On the other hand, during the period when data 
are being transmitted upstream on the TCM-ISDN 
transmission path 12 and NEXT noise is being gener- 
ated, the equalizers 142 and 145 optimally correct the 20 
transmission path characteristics in the time domain 
and the frequency domain, using the equalizing coeffi- 
cients in the FEXT table for TEQ 154 and the FEXT 
table for FEQ 1 56 respectively. 

[0084] Fig. 7 shows the state of a transmission bit rate 25 
with respect to cable length according to the third 
embodiment. 

[0085] In Fig. 7, graph line A represents a bit rate of 
data transmitted during the FEXT period of the third 
embodiment when training is only carried out in the 30 
FEXT period. Graph line B represents a bit rate of data 
transmitted during the FEXT period when training has 
been carried out through the FEXT period and the 
NEXT period without switching TEQ and FEQ coeffi- 
cient tables, as in the conventional art. Graph line C rep- 35 
resents a bit rate of data transmitted during the NEXT 
period of the third embodiment when training is only car- 
ried out in the FEXT period. Graph line D represents a 
bit rate of data transmitted during the NEXT period 
when training has been carried out through the FEXT 40 
period and the NEXT period without switching TEQ and 
FEQ coefficient tables, as in the conventional art. 
[0086] As can be understood from this figure, in the 
data transmission in the FEXT period, performing train- 
ing only in the FEXT period as shown by the graph line 45 
A, the transmission bit rate has far better characteristics 
even if the cable becomes long, compared with the case 
to carry out training through the FEXT period and the 
NEXT period without switching TEQ and FEQ coeffi- 
cient tables, as in the conventional art shown by the so 
graph line B. 

[0087] The reason for this is that, because of differ- 
ence of coefficients of the training period by the high- 
power NEXT noise in the NEXT period, the characteris- 
tics of the bit rate have been finally depraved. ss 
[0088] On the other hand, since the noise in the FEXT 
period is with a low power, there is less difference in the 
training period. Then, the coefficients converge stabiliz- 



ing to the transmission characteristics for showing the 
excellent characteristics. Therefore, it can be under- 
stood that, eventually, for data transmission in the FEXT 
period, it is better to carry out training only in the FEXT 
period. The third embodiment uses equalizing coeffi- 
cients obtained by training only in the FEXT period. 
[0089] In the NEXT period, as shown by the graph 
lines C and D, the bit rate of the data transmission is not 
very different, for the third embodiment, where training 
is only performed in the FEXT period as shown by graph 
line C, and for the case, where training has been carried 
out through the FEXT period and the NEXT period with- 
out switching between TEQ and FEQ coefficient tables, 
as in the conventional art. 

[0090] Fig. 8 shows that there is only a little difference, 
even if the coefficient converged in a FEXT period is 
applied for NEXT period. 

[0091] As shown in Fig. 8, it is understood that there 
is almost no change in the attenuation of the bit rate of 
data transmitted in the NEXT domain with respect to 
cable length, even when training is carried out only in 
the FEXT period, when training is carried out while 
switching between the FEXT period and the NEXT 
period, and even when training is carried out only in the 
NEXT period. 

[0092] For such reason, in the third embodiment, coef- 
ficients converged by FEXT noise training is applied in 
the FEXT period and the NEXT period respectively. 
[0093] Therefore, according to the digital communica- 
tion device of the third embodiment, FEXT tables 154 
and 156 are provided to the time domain equalizer 
(TEQ) 142 and the frequency domain equalizer (FEQ) 
1 45 respectively, using equalizing coefficient obtained 
by training only of the FEXT noise. Consequently, in the 
training periods of the TEQ 142 and the FEQ 145, an 
optimum coefficient for equalizing the FEXT noise can 
be determined in a shorter time than conventional meth- 
ods. In addition, deterioration in the transmission rate 
caused by the FEXT noise can be particularly effectively 
reduced during ADSL communication. As a result, the 
S/N ratio can be improved; the error generation proba- 
bility falls; or the communication distance in each trans- 
mission rate of ADSL transmission can be extended. In 
addition, the transmission rate in the service domain 
can be improved. 

[0094] Furthermore, according to the third embodi- 
ment, even if a coefficient trained in a FEXT period is 
used for the data transmission in a NEXT period, there 
are few differences that the coefficient trained in a 
NEXT period is used. Therefore, the coefficient training 
can be minimized, and the short training be executed. 
[0095] Furthermore, in the third embodiment, the syn- 
chronism controller 18 of the central office (CO) 1 1 syn- 
chronizes the transmission times of the TCM-ISDN 
central office end transceiver unit (TCM-ISDN LT) 17 
and the ADSL central office end transceiver unit (ATU- 
C) 15. Consequently, even if the ADSL remote terminal 
end transceiver unit (ATU-R) 14 does not identify the 
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timing of the NEXT noise and the FEXT noise genera- 
tion, it is able to activate the FEXT tables 154 and 156. 
[0096] As mentioned above, the third embodiment 
describes a case where the present invention is applied 
to the ADSL remote terminal end transceiver unit (ATU- s 
R) 14. However, the present invention can of course be 
applied to the ADSL central office end transceiver unit 
(ATU-C) 1 5 t by providing a FEXT table for training in the 
FEXT period to equalize the TEQ and FEQ equalizers 
of the ADSL central office end transceiver unit (ATU-C) 10 
15, and using the FEXT table in both NEXT and FEXT 
periods at the time of data transmission. In this case, 
the data flow is seen from the ADSL central office end 
transceiver unit (ATU-C) 1 5, contrary to seeing from the 
ADSL remote terminal end transceiver unit (ATU-R) 14, 15 
the interference noise, which the central office end 
transceiver unit (ISDN LT) of the ISDN transmission sys- 
tem as a near half-duplex communications device trans- 
mits, is the NEXT noise; and the interference noise, 
which the ISDN terminal end transceiver unit (ISDN 20 
NT1) as a distant half-duplex communications device 
transmits, is the FEXT noise. 

[0097] Furthermore, as mentioned above, the third 
embodiment describes a case when the synchronism 
controller 18 of the central office (CO) 1 1 synchronizes 25 
the transmission times of the TCM-ISDN communica- 
tion and the ADSL communication. However, the 
present invention is not limited to this, and may accept- 
ably be used without the synchronism controller 1 8, and 
without synchronizing the two communications. 30 
[0098] In the embodiments previously described, the 
digital communication device receives data by TCM- 
ISDN communication in a NEXT noise domain and a 
FEXT noise domain. However, a fourth embodiment is 
characterized in that data is received only for the FEXT 35 
period when the amount of the noise which the digital 
communication device side receives is a little. 
[0099] More specifically, the digital communication 
device of the fourth embodiment is characterized in that 
it performs Ping-Pong half-duplex data communication. 40 
That is, in the FEXT period, during which data are sent 
downstream on the TCM-ISDN transmission path 12 
and the FEXT noise occurs, the digital communication 
device only receives data affected by noise. During the 
NEXT period, in which data are sent upstream on the 45 
TCM-ISDN transmission path 12 and the NEXT noise 
occurs, the digital communication device only receives 
data which is unaffected by noise. 
[01 00] That is, the reception system of the digital com- 
munication device according to the fourth embodiment, so 
data is only received in synchronism with the FEXT 
period of a TCM-ISDN communication, and the training 
to equalize the TEQ 142 and the FEQ 145 is carried out 
only in the FEXT period, as in the third embodiment. 
Similarly, only the FEXT tables 1 54 and 1 56 obtained by 55 
training during the FEXT period are used as the coeffi- 
cient tables used while receiving data. 
[0101] Fig. 9(d) shows the change of error when coef- 



ficient training is carried out using the FEXT tables 154 
and 156 only in the FEXT period, in the time domain 
equalizer (TEQ) 142 and the frequency domain equal- 
izer (FEQ) 145 of the fourth embodiment. 
[0102] Since Figs. 9(a) to (c) are this same as Figs. 
3(a) to (c), explanation thereof will be omitted. Further- 
more, in the third embodiment, coefficient training with 
the FEXT tables 154 and 156 is carried out only in the 
FEXT period, a transition of the amount of the error 
becomes same as Fig. 9(d). 

[0103] As shown in Fig. 9(d), the fourth embodiment 
uses the FEXT tables 154 and 156, obtained by coeffi- 
cient training of the equalizers TEQ 142 and FEQ 145 
only during the FEXT period when data is received, to 
ensure that the amounts of error of the equalizers TEQ 
142 and FEQ 145 converge in the FEXT periods only. 
Therefore, unlike the amount of error in the conventional 
case shown in Fig. 9(c), in which training is carried out 
using a single coefficient table for both periods of the 
FEXT noise and the NEXT noise, once the amount of 
error has dropped during the FEXT period, it continues 
to drop gradually during subsequent periods without 
momentarily rising. 

[0104] In other words, in the fourth embodiment, the 
equalizers TEQ 142 and FEQ 145 are coefficient- 
trained only during the FEXT periods. In addition, the 
FEXT tables 154 and 156, obtained by this coefficient 
training, are used to provide most appropriate equaliz- 
ing coefficients to make the amounts of error of the 
equalizers TEQ 142 and FEQ 145 converge in the 
FEXT periods only. 

[0105] Therefore, according to the digital communica- 
tion device of the fourth embodiment, FEXT tables 154 
and 156 are provided for the time domain equalizer 
(TEQ) 142 and the frequency domain equalizer (FEQ) 
145 respectively, using equalizing coefficients obtained 
by training only of the FEXT noise, as in the third 
embodiment. Consequently, in the training periods of 
the TEQ 142 and the FEQ 145, an optimum coefficient 
for equalizing the FEXT noise can be determined in a 
shorter time than by conventional methods. In addition, 
deterioration in the transmission rate caused by the 
FEXT noise can be particularly effectively reduced dur- 
ing ADSL communication. 

[01 06] In particular, in the fourth embodiment, only the 
FEXT tables 154 and 156, using equalizing coefficients 
obtained by training in FEXT periods, are provided to 
the TEQ 142 and the FEQ 145. as in the third embodi- 
ment. However, in the fourth embodiment, since no data 
is received in the NEXT periods, the effects of noise do 
not need to be considered. Therefore, the characteris- 
tics of the transmission path can be adequately cor- 
rected using only coefficients obtained by training in the 
FEXT periods. As a result, the coefficient training can 
be minimized, and the short training be executed. 
[0107] The explanation of the fourth embodiment 
described Ping-Pong transmission by half-duplex com- 
munication, in which data is received only in the FEXT 
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periods and transmitted only in the NEXT periods. How- 
ever, in the present invention, it is sufficient to receive 
data only in the FEXT periods, and if data is transmitted 
not only in the NEXT periods but also in the FEXT peri- 
od^, the effect same as the above-mentioned is 5 
achieved, since there is no need to consider the effects 
of noise when transmitting data. 
[01 08] The above embodiments 1 to 4 describe a case 
where the half-duplex communication devices applying 
interference noise are TCM-ISDN communication 10 
devices, namely the TCM-ISDN remote terminal end 
transceiver unit (TCM-ISDN NT1) 16 and the TCM- 
ISDN pentral office end transceiver unit (TCM-ISDN LT) 
1 7, and the digital communication devices on the side to 
which the noise is applied are ADSL communication 15 
devices, namely the ADSL remote terminal end trans- 
ceiver unit (ATU-R) 14 and the ADSL central office end 
transceiver unit (ATU-C) 15, which perform ADSL com- 
munication, this being a type of xDSL communication 
system. However, the present invention is not restricted 20 
to this, and as long as the half-duplex communication 
device on the side applying noise is a device for per- 
forming so-called Ping-Pong system half-duplex com- 
munication, devices other than a TCM-ISDN 
communication device are acceptable. Furthermore, 25 
the digital communication device on the side to which 
noise is applied, can be a xDSL communication device 
performing HDSL communication or SDSL communica- 
tion other than ADSL communications or another digital 
communication device regardless of the full duplex 30 
communication method or the half duplex communica- 
tion method. 

[0109] In particular, the digital communication device 
of the present invention described above in the embod- 
iments 1 to 4 can be applied to a variety of digital com- 35 
munication devices such as a digital television for 
receiving digital broadcast via a digital transmission 
path such as an xDSL transmission path, a computer for 
receiving and downloading free or paid-for data, video 
images, audio sound, and the like through a network, a 40 
digital television, an AV unit, household electrical appli- 
ances, and household electrical appliances using a dig- 
ital communication device as a communication modem 
or the like. For instance, it can be applied in household 
appliance such as a cooking device, such as a micro- 45 
wave oven which contains a digital communication 
device and performs digital communication via a net- 
work, downloading multimedia data such as visual and 
audio data showing cooking recipes and such like, dis- 
playing them on a display screen, and providing an so 
audio guide through a speaker. 
[01 10] As described above, the present invention sep- 
arately provides a NEXT noise coefficient table, in which 
are stored equalizing coefficients of equalizers to opti- 
mally correct characteristics of a transmission path con- ss 
taining the NEXT noise transmitted from a near-end 
half-duplex communication device, being one of multi- 
ple half-duplex communication devices, which is near to 



the main device; and a FEXT noise coefficient table, in 
which are stored equalizing coefficients of equalizers to 
optimally correct characteristics of a transmission path 
containing the FEXT noise transmitted from a far-end 
half-duplex communication device, being one of multi- 
ple half-duplex communication devices, which is far 
from the main device. When the NEXT noise is transmit- 
ted from the near-end half-duplex communication 
device, the equalizers correct the characteristics of the 
transmission path based on the NEXT noise coefficient 
table. On the other hand, when the FEXT noise is trans- 
mitted from the far-end half-duplex communication 
device, the equalizers correct the characteristics of the 
transmission path based on the FEXT noise coefficient 
table. As a consequence, during the training period of 
the equalizers, the most appropriate equalizing coeffi- 
cients for the FEXT noise and the NEXT noise can be 
determined in a shorter time than conventional systems. 
In addition, the FEXT noise and the NEXT noise can be 
effectively eliminated during communications. 
[01 1 1] As a result, according to the present invention, 
even if noise is received from adjacent half-duplex 
transmission paths, the S/N ratio can be improved; the 
probability of errors arising can be lowered; and the 
communication distance can be lengthened at each 
ADSL transmission rate. In addition, the transmission 
rate in the service domain can be increased. 
[0112] In the next aspect of the invention, moreover, 
communications between half-duplex communication 
devices are synchronized, and when NEXT noise has 
been transmitted from the near-end half-duplex commu- 
nication device while data is travelling upstream or 
downstream on a half-duplex transmission path from 
the terminal end to the central office end, the transmis- 
sion path characteristics are corrected based on equal- 
izing coefficients in the NEXT noise coefficient table 
applied to the equalizers. On the other hand, when the 
FEXT noise has been transmitted from the far-end half- 
duplex communication device while data is travelling 
downstream or upstream on a half-duplex transmission 
path from the central office end to the terminal end, the 
transmission path characteristics are corrected based 
on equalizing coefficients in the FEXT noise coefficient 
table applied to the equalizers. Therefore, by switching 
between the coefficient tables in accordance with gen- 
eration of the NEXT noise and the FEXT noise, the influ- 
ences of the noise can be eliminated without the timings 
of the NEXT noise and the FEXT noise being identified 
by the digital communication device. 
[0113] In the next aspect of the invention, a digital 
communication device, which is influenced by interfer- 
ence noise due to being adjacent or the like to the half- 
duplex transmission path, detects interference noise 
sent from the half-duplex communications device and 
determines whether it is the NEXT noise or the FEXT 
noise. Therefore, only by improving the digital communi- 
cation device concerned without adding any improve- 
ments to an existing device it is possible to switch 
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between the NEXT table and the FEXT table only by 
improving a digital device. 

[01 14] In the next aspect of the invention, prior to com- 
munication, filter coefficients to converge the transmis- 
sion functions of noise are determined using 5 
predetermined data in frames transmitted between plu- 
rality of half-duplex communication devices, the data 
having a pre-identified pattern and generation timing. At 
transmission, during the generation timing of the prede- 
termined data, a replica of the predetermined data w 
affected by the noise is created using the converged fil- 
ter coefficient, and the replica is subtracted from the 
received signal. Consequently, while the predetermined 
data is being transmitted in a transmission frame 
between the half-duplex communication devices, the is 
interference noise of the predetermined data corre- 
sponding to the FEXT noise and the NEXT noise each 
can be cancelled, and can reduce the influence of the 
noise. Accordingly, the S/N ratio can be improved; the 
error generation probability falls; or the communication 20 
distance in each transmission rate can be extended. In 
addition, the transmission rate in the service domain 
can be increased. 

[0115] The next aspect of the invention provides a 
FEXT noise table which stores equalizing coefficient for 25 
optimally correcting transmission path characteristics 
comprising FEXT noise transmitted from the far-end 
half-duplex communication device that is on side far 
from the main device among plurality of half-duplex 
communication devices. When NEXT noise is transmit- 30 
ted from the near-end half-duplex communication 
device, or when FEXT noise is transmitted from the far- 
end half-duplex communication device, in each case the 
equalizers optimally correct the characteristics of the 
transmission path based on equalizing coefficients in 35 
the FEXT noise coefficient tables. Therefore, in the 
training timing period of the equalizers, an optimal 
equalizing coefficient for when FEXT noise is generated 
can be determined in a shorter time than the conven- 
tional systems. On the other hand, when transmitting, 40 
deterioration in transmission characteristics can be 
effectively reduced even when both FEXT noise and 
NEXT noise has been generated. 
[01 16] As a result, according to the present invention, 
even if noise is received from adjacent half-duplex as 
transmission paths, the S/N ratio can be improved; the 
probability of errors arising can be lowered; and the 
communications distance in each ADSL transmission 
rate can be extended. In addition, the transmission rate 
in the service domain can be increased. so 
[0117] In the next aspect of the invention, moreover, 
communications between half-duplex communication 
devices are synchronized, and when NEXT noise has 
been transmitted from the far-end half-duplex communi- 
cation device while data is travelling upstream or down- ss 
stream on a half-duplex transmission path from the 
central office end to the terminal end, the transmission 
path characteristics are corrected based on equalizing 



coefficients in the FEXT noise coefficient table applied 
to the equalizers. Therefore, the digital communication 
device can identify the generation timing of the FEXT 
noise, perform training in correspondence therewith, 
and effectively reduce deterioration in characteristics 
caused by the noise by using the FEXT coefficient table 
during data communication. 

[0118] In the next aspect of the invention, moreover, 
when a digital communications device is affected by 
interference noise due to being adjacent or the like to a 
half-duplex transmission path, the digital communica- 
tion device detects interference noise sent from the half- 
duplex communications device and determines whether 
it is NEXT noise or FEXT noise. Therefore, it is possible 
to activate the FEXT table only by improving the digital 
communication device without adding any improve- 
ments to an, existing devices such as the central office. 

INDUSTRIAL APPLICABILITY 

[0119] As explained above, the digital communica- 
tions device according to the present invention is suita- 
ble for an xDSL modem, an xDSL communication 
device, and the like. 

Claims 

1. A digital communications device for optimally cor- 
recting transmission path characteristics containing 
noise transmitted from a plurality of half-duplex 
communication devices via a half-duplex transmis- 
sion path, said device comprising: 

a NEXT noise coefficient table, in which are 
stored equalizing coefficients of equalizers for 
optimally correcting characteristics of a trans- 
mission path containing a NEXT noise trans- 
mitted from a near-end half-duplex 
communication device that is on side near to a 
main device among said plurality of half-duplex 
communication devices; 
a FEXT noise coefficient table, in which are 
stored equalizing coefficients of equalizers to 
optimally correct characteristics of a transmis- 
sion path containing a FEXT noise transmitted 
from a far-end half-duplex communication 
device that is on side far from the main device 
among said plurality of half-duplex communica- 
tion devices; and 

equalizers for correcting transmission path 
characteristics based on the equalizing coeffi- 
cients in the NEXT noise coefficient table when 
the FEXT noise has been transmitted from said 
near-end half-duplex communication device, 
and on the other hand, for correcting transmis- 
sion path characteristics based on the equaliz- 
ing coefficients in the FEXT noise coefficient 
table when the FEXT noise has been transmit- 
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ted from said far-end hatf-duplex communica- 
tion device. 

2. The digital communication device according to 

' claim 1 , wherein said digital communication device s 
is a terminal end device for transmitting after syn- 
chronizing communication between said half- 
duplex communication devices, and when the 
NEXT noise has been transmitted from said near- 
end half-duplex communication device on a termi- w 
nal end while data is travelling upstream on said 
half-duplex transmission path from a terminal end 
to a central office end, the transmission path char- 
acteristics are corrected based on equalizing coef- 
ficients in said NEXT noise coefficient table applied 15 
to said equalizers, and, on the other hand, when the 
FEXT noise has been transmitted from said far-end 
half-duplex communication device on the central 
office end while data is travelling downstream on 
the half-duplex transmission path from the central 20 
office end to the terminal end, the transmission 
path characteristics are corrected based on equal- 
izing coefficients in said FEXT noise coefficient 
table applied to said equalizers. 

25 

3. The digital communication device according to 
claim 1 , wherein said digital communication device 
is a central office end device for transmitting after 
synchronizing communication between said half- 
duplex communication devices, and when the 30 
NEXT noise has been transmitted from said near- 
end half-duplex communication device on the cen- 
tral office end while data is travelling downstream 

on said half -duplex transmission path from a central 
office end to a terminal end, the transmission path 35 
characteristics are corrected based on equalizing 
coefficients in said NEXT noise coefficient table 
applied to said equalizers, and, on the other hand, 
when the FEXT noise has been transmitted from 
said far-end half-duplex communication device on 40 
the terminal end while data is travelling upstream 
on said half-duplex transmission path from the ter- 
minal end to the central office end, the transmission 
path characteristics are corrected based on equal- 
izing coefficients in said FEXT noise coefficient 45 
table applied to said equalizers. 

4. The digital communication device according to 
. claim 1 further comprising, 

50 

a detecting and determining section for detect- 
ing the noise transmitted from said half-duplex 
communication device, and determining 
whether it is the NEXT noise or the FEXT 
noise; wherein, 55 
based on a determination output from said 
detecting and determining section, in the case 
of the NEXT noise, the equalizers correct the 



transmission path characteristics based on 
equalizing coefficient from said NEXT noise 
coefficient table, and in the case of the FEXT 
noise, said equalizers correct the transmission 
path characteristics based on equalizing coeffi- 
cient from said FEXT noise coefficient table. 

5. The digital communication device according to 
claim 1 , wherein prior to communication, it deter- 
mines filter coefficients to converge the transmis- 
sion functions of the noise, using predetermined 
data in frames transmitted between said plurality of 
half-duplex communication devices, the data hav- 
ing a pre-identrfied pattern and generation timing, 
and at transmission, it creates a replica of the pre- 
determined data affected by the noise using the 
converged filter coefficient during the generation 
timing of the predetermined data, and subtracts the 
replica, from the received signal. 

6. The digital communication device according to 
claim 1 , wherein said half-duplex transmission path 
is a TCM-ISDN transmission path, said plurality of 
half-duplex communication devices transmit TCM- 
ISDN communication via said TCM-ISDN transmis- 
sion path, and said main device transmits ADSL 
communication via an ADSL transmission path. 

7. A digital communication device for optimally cor- 
recting, when receiving data, characteristics of a 
transmission path containing noise transmitted 
from a plurality of half-duplex communication 
devices transmitting via half-duplex transmission 
paths; said device comprising: 

a FEXT noise coefficient table, in which are 
stored equalizing coefficients of equalizers to 
optimally correct characteristics of a transmis- 
sion path containing a FEXT noise transmitted 
from a far-end half-duplex communication 
device that is on side far from a main device 
among said plurality of half-duplex communica- 
tion devices; and 

equalizers for correcting transmission path 
characteristics based on equalizing coefficient 
in said FEXT noise coefficient table when a 
NEXT noise has been transmitted from a near- 
end half-duplex communication device, being 
one of said plurality of half-duplex communica- 
tion devices, which is near to the main device, 
and when the FEXT noise has been transmit- 
ted from said far-end half-duplex communica- 
tion device. 

8. The digital communication device according to 
claim 7, wherein said digital communication device 
is a terminal end device for transmitting after syn- 
chronizing communications between said half- 
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duplex communication devices, and when the 
NEXT noise has been transmitted from said near- 
end half-duplex communication device on a termi- 
nal end while data is travelling upstream on said 
half-duplex transmission path from a terminal end 5 
to a central office end, it corrects transmission path 
characteristics based on equalizing coefficients in 
said FEXT noise coefficient table applied to said 
equalizers, and, on the other hand, when the FEXT 
noise has been transmitted from said far-end half- to 
duplex communication device on the centra! office 
end while data is travelling downstream on the half- 
duplex transmission path from the central office end 
to the terminal end, said device corrects the trans- 
mission path characteristics based on equalizing 15 
coefficients in said FEXT noise coefficient table 
applied to said equalizers. 

9. The digital communication device according to 
claim 7, wherein said digital communication device 20 
is a central office end device for transmitting after 
synchronizing communications between said half- 
duplex communication devices, and when the 
NEXT noise has been transmitted from said near- 
end half-duplex communication device on the cen- 25 
tral office end while data is travelling downstream 

on said half-duplex transmission path from a central 
office end to a terminal end, said device corrects 
transmission path characteristics based on equaliz- 
ing coefficients in said FEXT noise coefficient table 30 
applied to said equalizers, and, on the other hand, 
when the FEXT noise has been transmitted from a 
far-end half-duplex communication device on the 
terminal end while data is travelling upstream on 
said half-duplex transmission path from the termi- 35 
nal end to the central office end, the device corrects 
transmission path characteristics containing the 
FEXT noise based on equalizing coefficients in said 
FEXT noise coefficient table applied to said equal- 
izers. 40 

10. The digital communication device according to 
claim 7 further comprising a detecting and deter- 
mining section for detecting the noise transmitted 
from said half-duplex communication device, and as 
determining whether it is the NEXT noise or the 
FEXT noise; wherein, 

based on a determination output from said 
detecting and determining section, said equal- so 
izers optimally correct the transmission path 
characteristics based on equalizing coefficient 
from said FEXT noise coefficient table in the 
case of said NEXT noise and also in the case 
of FEXT noise. ss 

11. A digital communication device for optimally cor- 
recting, when receiving data, characteristics of a 



transmission path containing noise transmitted 
from a plurality of half-duplex communication 
devices transmitting via half-duplex transmission 
paths; said device comprising: 

a FEXT noise coefficient table, in which are 
stored equalizing coefficients of equalizers to 
optimally correct characteristics of a transmis- 
sion path containing FEXT noise transmitted 
from a far-end half-duplex communication 
device that is on side far from a main device 
among said plurality of half-duplex communica- 
tion devices; 

equalizers for correcting transmission path 
characteristics containing said FEXT noise 
based on equalizing coefficient in said FEXT 
noise coefficient table; and 
the device receiving data only while said FEXT 
noise is being transmitted. 

12. The digital communication device according to 
claim 11, wherein said digital communication 
device is a terminal end device for transmitting after 
synchronizing communications between said half- 
duplex communication devices, and during a period 
when the NEXT noise is transmitted from said near- 
end half-duplex communication device on a termi- 
nal end while data is travelling upstream on said 
half-duplex transmission path from a terminal end 
to a central office end, the device does not receive 
data, and, on the other hand, during a period when 
the FEXT noise is transmitted from the far-end half- 
duplex communication device on the central office 
end while data is travelling downstream on the half- 
duplex transmission path from said central office 
end to the terminal end, said device receives a data 
transmission, and in addition, optimally corrects the 
transmission path characteristics containing the 
FEXT noise based on equalizing coefficients in said 
FEXT noise coefficient table applied to said equal- 
izers. 

13. The digital communication device according to 
claim 11, wherein said digital communication 
device is a central office end device for transmitting 
after synchronizing communications between said 
half-duplex communication devices, and during a 
period when the NEXT noise is transmitted from 
said near-end half-duplex communication device on 
the central office end while data is travelling down- 
stream on said half-duplex transmission path from 
a central office end to a terminal end, said device 
does not receive data, and on the other hand, dur- 
ing a period when the FEXT noise is transmitted 
from said far-end half-duplex communication device 
on the terminal end while data is travelling 
upstream on said half-duplex transmission path 
from the terminal end to the central office end, said 
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device receives data, and in addition, corrects 
transmission path characteristics containing the 
FEXT noise based on equalizing coefficients in said 
FEXT noise coefficient table applied to said equal- 
♦ izers. 5 

14. The digital communication device according to 
claim 1 1 further comprising, 

a detecting and determining section for detect- 10 
ing the noise transmitted from said half-duplex 
communication device, and determining 
, whether it is in a FEXT noise domain; wherein, 
based on a determination output from said 
detecting and determining section, in the case is 
of the FEXT noise, said equalizers optimally 
correct the transmission path characteristics 
based on equalizing coefficient from said FEXT 
noise coefficient table. 
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